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Abstract 
We have isolated an Arabidopsis gene, AFT1, which encodes a 14-3-3-1ike protein (AFT1). The wide distribution of the 14-3-3 
protein family in eukaryotes and the high steady-state mRNA levels of the AFT1 gene in most tissues throughout Arabidopsis growth 
and development suggest that AFT1 plays an important role(s) in Arabidopsis. DNA blot analysis indicates that AFT1 is a single copy 
gene, therefore AFT1 should be a good target for studies involving antisense or sense RNA technologies a a means to determine AFTI's 
function in vivo. 
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We have used the interaction trap technique [1,2], a 
different version of the two-hybrid system [3], in attempts 
to isolate the partner protein(s) of a previously identified 
regulatory protein, AKR [4]. Normally, with this tech- 
nique, a library that expresses cDNA-encoded proteins 
fused to a transcription activator domain (B42) is intro- 
duced into a special yeast strain. This strain also contains a
plasmid which directs constitutive production of a tran- 
scriptionally inert LexA fusion protein which is called the 
'bait' (LexA fused to the protein of interest, e.g., AKR) 
and two reporter genes. The transcription of these two 
reporter genes can be stimulated if the cDNA-encoded 
protein complexes with the bait. One reporter gene LEU2 
allows growth in the absence of leucine and the other 
reporter gene LacZ encodes fl-galactosidase. 
We found that many proteins encoded by Arabidopsis 
cDNAs could activate transcription without any bait, or 
with many different baits, but not without LexA protein. 
This resulted in the isolation of cDNA clones which are 
not true interaction partners of the 'bait' and required 
further analysis to separate these 'false positive' clones 
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from the desired true partner clones. To further understand 
this phenomenon, and in order to design strategies to avoid 
this high background or simplify the screening process, we 
have characterized 81cDNA clones which encode proteins 
capable of activating the expression of the reporter genes. 
Among the cDNAs we have sequenced, 36 clones were 
derived from the same gene which encodes a 14-3-3-1ike 
protein. This gene was therefore named AFT1 (Arabidop- 
sis Fourteen-Three-three 1) and the protein AFT1 encodes 
designated as AFT1. 
The 14-3-3 family of proteins were originally thought to 
be brain-specific proteins in mammals, but were later 
found to be widely distributed eukaryotic proteins [5]. 
They are highly conserved in sequence, yet are function- 
ally diverse. Among the most well characterized functions 
associated with 14-3-3 proteins are as an inhibitor of 
protein kinase C (PKC) [6]; as an activator of tyrosine and 
tryptophan hydroxylase [7]; and as the enzyme phospho- 
lipase A 2 [8]. Other functions include stimulation of 
Ca2+-dependent xocytosis [9], activation of an exogenous 
ADP-ribosyltransferase [10] in animal cells, and growth 
regulation in yeast cells [11,12]. Recently it was shown 
that some members of the 14-3-3 protein family associate 
with the products of proto-oncogenes and oncogenes [13- 
18], suggesting that 14-3-3 proteins are involved in cell 
transformation a d mitogenic signaling pathways. 
Genes encoding 14-3-3-1ike proteins have also been 
isolated from various plant sources. For example, genes 
from Spinacea oleracea L. and Oenothera hookeri encode 
proteins that have been shown to inhibit PKC's activity in 
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Fig. 1. Alignment of the amino acid sequence of AFT1 with the se- 
quences of GF14 [20], bovine brain-specific 14-3-3 protein (h) [7], and 
protein kinase C inhibitor (KCIP-1) [6]. Identical residues are boxed. 
vitro [19]; genes from maize and Arabidopsis encode 
GF-14 proteins which are a component of the protein/G 
box complex bound at their respective alcohol dehydro- 
genase (Adh) gene promoters [20,21]; and a gene from 
barley might be involved in signal transduction during 
fungus infection [22]. Other plant 14-3-3-1ike proteins 
might play roles under undesirable nvironmental condi- 
tions, e.g., low temperature or high NaCI media [23,24]. 
Even though many genes encoding 14-3-3-1ike proteins 
have been isolated from plants, it is still not clear exactly 
what these genes do, nor how they function. 
The Arabidopsis 14-3-3-1ike protein, AFT1, contains 
248 amino acids with a molecular weight of about 28 kDa. 
Sequence comparison of AFT1 with other representative 
14-3-3 proteins (Fig. 1) shows the presence of two 'sig- 
nature' sequences of the 14-3-3 proteins (residues 48 to 58 
and 221 to 241, respectively). AFF1 shows 78% identity 
and 89% similarity to Arabidopsis GF-14, 58% identity 
and 69% similarity to bovine brain-specific 14-3-3 protein, 
and 60% identity and 75% similarity to protein kinase C 
inhibitor protein-1 (KCIP-1) from sheep brain. 
The copy number of the AFT1 gene was determined by 
genomic DNA blot analysis. Digestion of two ecotypes 
(Columbia and Landsberg) of Arabidopsis DNA with the 
enzymes, BgllI and HindlII, gave rise to two bands (Fig. 
2) after the DNA blot was probed with a labeled AFT1 
cDNA sequence. These data indicate that only one copy of 
AFT1 is present in both ecotypes of Arabidopsis, since 
there is one restriction site for BgllI and one site for 
HindlII within the AFT1 cDNA, respectively. 
The developmental and organ-specific expression of 
AFT1, as well as the light regulation of AFT1 expression 
were studied by RNA blot analyses. When total RNAs 
isolated from leaves of 1- to 5-week-old plants were 
hybridized to a labeled-AFT1 cDNA, the steady-state 
mRNA level of AFT1 did not change significantly over a 
5-week period (Fig. 3A, Table 1). When RNAs isolated 
from different organs were analyzed, the steady-state 
mRNA level in silique was found to be about one-fifth of 
that in flower, whereas the mRNA levels in leaves, roots 
and stems were about the same (Fig. 3B, Table 1). It 
should be noted that the mRNA levels from flowers and 
siliques are not directly comparable to those from leaves, 
roots, and stems (Fig. 3B), because they were from materi- 
als grown under different conditions. However, the 
steady-state mRNA levels of flower and silique can be 
compared to that of 5-week-old leaves shown in Fig. 3A. 
The quantitative data indicate that the AFT1 mRNA level 
in leaves is about two times higher than those in flowers 
and nine times higher than those in siliques (Table 1). The 
growth conditions can affect the steady-state mRNA level 
since greenhouse-grown plants contained three times more 
AFT1 mRNA than plate-grown plants (Fig. 3A and B, 
Table 1). These data indicate that, although AFT1 expres- 
sion is probably required throughout much of Arabidop- 
sis' life cycle, its steady-state mRNA level is still regu- 
lated organ-specifically. Furthermore, dark-adapted plants 
contain at least two times more steady-state mRNA than 
plants grown in light (Fig. 3C, Table 1), suggesting that 
light plays a role in the down-regulation of AFT1 expres- 
sion. 
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Fig. 2. Genomic DNA blot analysis. The blot was probed with a labeled 
AFT1 cDNA clone. The lanes labeled C contain Columbia DNA and L, 
Landsberg DNA. The restriction enzymes used are indicated above the 
lanes. The sizes (in kb) of A-HindllI-digested DNA fragments used as 
length makers are shown on the left. 
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sis protein kinase activity in vitro. Therefore GF14to may 
play some signaling role in Arabidopsis, ince it can 
interrelate biological signals uch as calcium and phospho- 
rylation. AFT1 is highly homologous toGF14to, the poten- 
tial EF hand motif at the C-terminal half of the protein 
(residues 205-232), which is responsible for binding cal- 
cium in GF14to, is almost perfectly conserved in AFF1, 
indicating that AFT1 may bind calcium as well. Therefore, 
AFT1 might have properties that allow it to sense and 
transduce signals in plant cells, in so doing, AFT1 may 
play an important role(s) in cell-signaling processes in 
Arabidopsis. 
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Fig. 3. RNA blot analyses of AFT1 expression. A: Developmental 
expression of AFT1. RNAs were extracted from greenhouse-grown plants. 
B: Organ-specific expression of AFT1. RNA from leaf, root, and stem 
were extracted from plate-grown plants, whereas RNA from flower and 
silique were from green house-grown plants. C: Light effect on the 
expression of Lhca2 and AFT1. RNAs were extracted from greenhouse- 
grown plants. 
It is interesting to note the many functions that have 
been associated with 14-3-3 proteins. This functional di- 
versity could be due to different functions of individual 
members of the 14-3-3 family. It appears that all organ- 
isms tested contain multiple isoforms of the 14-3-3 family 
[6,7,20,21,23] and different isoforms could serve different 
functions. Lu et al. [25] have recently demonstrated that 
not only can the Arabidopsis GF14to protein bind cal- 
cium, but also that it can be phosphorylated by Arabidop- 
Table 1 
The relative intensities of AFT1 mRNA derived from the data in Fig. 3 
A. Developmental expression a 
Time (in weeks): One Two Three Four Five 
Relative intensity of AFT1:41 45 58 38 36 
B. Organ-specific expression b 
Organs: L 'af  Root Stem Flower Silique 
Relative intensity of AFTI: 11 11 12 19 4 
C. Light regulation c 
Time (in h): Zero Two Four Six Eight 
Relative intensity of Lhca2:0.2 0.24 1.6 3.2 3.9 
Relative intensity of AFT1: 132 49 39 34 38 
Ten 
6.5 
44 
The relative intensity data were collected from fl-scanning of RNA gel 
blots by a Blot Analyzer and normalized using the intensity of the 
18sRNA band. 
a and c RNAs were from greenhouse-grown plants. 
b RNAs of leaf, root, and stern were from plate-grown plants, whereas 
RNAs of flower and silique from greenhouse-grown plants. 
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